In this study, lanthanide metal-organic frameworks Ln(BTC)(DMF) 2 (H 2 O) (LnMOFs) are synthesized using the metal nitrates as lanthanide (Ln = La, Ce, Pr, Nd, Sm, Eu, Tb, Dy, Ho, Er, Tm, Yb and Lu) source and 1,3,5-benzenetricarboxylic acid (BTC) as a coordination ligand. X-ray diffraction (XRD) analysis, Fourier-transform infrared spectroscopy (FTIR), thermogravimetric (TG/DTG) analysis fluorescence spectroscopy (FLS), and scanning electron microscopy (SEM) are employed to characterize the newly synthesized LnMOFs.
The emission spectra were conducted in the solid state. Scanning electron microscope (SEM) Hitachi TM3000 was used to study the main morphological features of obtained crystals.
Results and Discussion

XRD Analysis
The synthesised fourteen lanthanide metal-organic frameworks were found to be isomorphous having very similar structures. However, only the structure of LaMOF is described here in detail ( Figure 1 ).
LaMOF is a three-dimensional open framework. Each asymmetric unit contains one eight-coordinated La 3+ ion, one BTC ligand, two coordinated DMF molecules, with eight oxygen atoms from four BTC ligands through two chelating carboxylate groups (O1-O4), two carboxylate groups (O5 and O6), and two terminal DMF molecules (O7 and O8). In the LaMOF molecule, one La 3+ ion is linked with four phenyl groups through two chelating bidentate carboxylate groups and two monodentate carboxylate groups.
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XRD Analysis
LaMOF is a three-dimensional open framework. Each asymmetric unit contains one eightcoordinated La 3+ ion, one BTC ligand, two coordinated DMF molecules, with eight oxygen atoms from four BTC ligands through two chelating carboxylate groups (O1-O4), two carboxylate groups (O5 and O6), and two terminal DMF molecules (O7 and O8). In the LaMOF molecule, one La 3+ ion is linked with four phenyl groups through two chelating bidentate carboxylate groups and two monodentate carboxylate groups. The XRD patterns LnMOFs are presented in Figure 2 . As seen, the XRD patterns of Ln(BTC)(DMF)2(H2O) (Ln = La, Ce, Eu, Gd, Tb, Dy, Ho, Tm, Yb and Lu) show good agreement with standard ICDD PDF patterns. The comparison of experimental and standard data demonstrates the formation of monophasic compounds under the applied synthesis conditions. Moreover, these MOFs were prepared with very well-developed crystalline structure. The XRD patterns of Ln(BTC)(DMF)2(H2O) (Ln = Er, Pr, Nd and Sm) displayed lower crystallinity of synthesized compounds. (Figure 2 ) The crystallographic data of fabricated LnMOFs are summarized in Table 1 . The XRD patterns LnMOFs are presented in Figure 2 . As seen, the XRD patterns of Ln(BTC)(DMF) 2 (H 2 O) (Ln = La, Ce, Eu, Gd, Tb, Dy, Ho, Tm, Yb and Lu) show good agreement with standard ICDD PDF patterns. The comparison of experimental and standard data demonstrates the formation of monophasic compounds under the applied synthesis conditions. Moreover, these MOFs were prepared with very well-developed crystalline structure. The XRD patterns of Ln(BTC)(DMF) 2 (H 2 O) (Ln = Er, Pr, Nd and Sm) displayed lower crystallinity of synthesized compounds. (Figure 2 ) The crystallographic data of fabricated LnMOFs are summarized in Table 1 . 
Infrared (FTIR) Spectroscopy
All the FTIR spectra of synthesized lanthanide metal-organic frameworks were very similar (see Figure 3 ). Asymmetric and symmetric stretching vibrations of the BTC ligand carboxylate groups displayed bands at 1556 and 1382 cm −1 . The bands at 1621, 3078, 689, and 780 cm −1 are assigned to the vibration of aromatic skeleton of the benzene ring [12] . The bands at 1678 and 2915 cm −1 are assigned to vCO and the asymmetric stretching vibration of the -CH3 group of the N,N-dimethylformamide molecules [12, 13] . The absence of FTIR bands at 2658, 2544 (OCOOH), and 1691 (CCOOH) cm −1 indicates that the BTC ligands were completely deprotonated after the reaction. The broad band at 3420 cm −1 is attributed to the hydrogen-bonded vOH groups from adsorbed (residual) water (Table  2 ). 
All the FTIR spectra of synthesized lanthanide metal-organic frameworks were very similar (see Figure 3 ). Asymmetric and symmetric stretching vibrations of the BTC ligand carboxylate groups displayed bands at 1556 and 1382 cm −1 . The bands at 1621, 3078, 689, and 780 cm −1 are assigned to the vibration of aromatic skeleton of the benzene ring [12] . The bands at 1678 and 2915 cm −1 are assigned to vCO and the asymmetric stretching vibration of the -CH 3 group of the N,N-dimethylformamide molecules [12, 13] . The absence of FTIR bands at 2658, 2544 (OCOOH), and 1691 (CCOOH) cm −1 indicates that the BTC ligands were completely deprotonated after the reaction. The broad band at 3420 cm −1 is attributed to the hydrogen-bonded vOH groups from adsorbed (residual) water (Table 2 ). 
Thermal (TG/DTG) Analysis
The TG/DTG curves of synthesized lanthanide-containing MOFs are shown in Figure 4 . As seen, all the MOF samples had similar thermal stability [14, 15] . The first mass loss in DTG curves was observed at about 120 °C (except for CeMOFs at ~200 °C). This first weight loss in the temperature range of 20-160 °C corresponds to the loss of water molecules and adsorbed moisture. The main mass loss, which continuously occurred up to 400-450 °C, is assigned to the decomposition of DMF. At higher temperatures (above 450 °C) the mass loss is associated with final decomposition of MOFs and formation of Ln2O2CO3, or Ln2(CO3)3 and Ln2O3 [16] [17] [18] . 
The TG/DTG curves of synthesized lanthanide-containing MOFs are shown in Figure 4 . As seen, all the MOF samples had similar thermal stability [14, 15] . The first mass loss in DTG curves was observed at about 120 • C (except for CeMOFs at~200 • C). This first weight loss in the temperature range of 20-160 • C corresponds to the loss of water molecules and adsorbed moisture. The main mass loss, which continuously occurred up to 400-450 • C, is assigned to the decomposition of DMF. At higher temperatures (above 450 • C) the mass loss is associated with final decomposition of MOFs and formation of Ln 2 O 2 CO 3 , or Ln 2 (CO 3 ) 3 and Ln 2 O 3 [16] [17] [18] . 
Luminescent Properties
It is well-known that lanthanides, especially Eu and Tb, can absorb ultraviolet radiation efficiently through an allowed electronic transition to convert to excited state 5 D 4 , and these excited states are deactivated to the multiplet 7 F J states by emitting visible light. Emission spectra of Pr, Sm, Eu, and Tb metal-organic frameworks are shown in Figure 5 . The intensity of emission lines situated at 325, 416, and 443 nm (UV-blue region) of PrMOF (λ ex = 290 nm) were very weak.
The emission lines for SmMOF (λ ex = 275 nm) are assigned to 4 The photoluminescence measurements showed that Ce and La MOFs with BTC ligands are optically inactive. This is in a good agreement with the literature data [16, 17] . The synthesized Nd, Gd, Dy, Ho, Er, Tm, Yb, Lu metal-organic frameworks, however, displayed very weak or even undetectable fluorescence at excitation wavelengths of 250-400 nm.
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It is well-known that lanthanides, especially Eu and Tb, can absorb ultraviolet radiation efficiently through an allowed electronic transition to convert to excited state 5 D4, and these excited states are deactivated to the multiplet 7 FJ states by emitting visible light. Emission spectra of Pr, Sm, Eu, and Tb metal-organic frameworks are shown in Figure 5 . The intensity of emission lines situated at 325, 416, and 443 nm (UV-blue region) of PrMOF (λex = 290 nm) were very weak.
The emission lines for SmMOF (λex = 275 nm) are assigned to 4 G5/2→ 6 H5/2, 4 G5/2→ 6 H7/2, 4 G5/2→ 6 H9/2, and 4 G5/2→ 6 H11/2 transitions at 563, 601, 649 and 702 nm (yellow-orange region). The emission lines of synthesized EuMOF (λex = 285 nm) are assigned to 5 D0→ 7 F0, 5 D0→ 7 F1, 5 D0→ 7 F2, 5 D0→ 7 F3, and 5 D0→ 7 F4 transitions at 579, 593, 613, 618, and 699 nm, respectively (orange-red region). It can be observed that a very intense 5 D0→ 7 F2 transition at 613 nm in the emission spectrum was dominating. It is known that the 5 D0→ 7 F2 transition is an electric dipole transition and is very sensitive to the local symmetry of europium ions. For the TbMOF (λex = 285 nm) the emission lines are assigned to 5 D4→ 7 F6, 5 D4→ 7 F5, 5 D4→ 7 F4, 5 D4→ 7 F3, 5 D4→ 7 F2, 5 D4→ 7 F0 transitions at 488, 542, 582, 620, 646, and 679 nm, respectively (blue green-green region). Very intense 5 D4→ 7 F5 transition at 542 nm is observed in the emission spectrum of TbMOF.
The photoluminescence measurements showed that Ce and La MOFs with BTC ligands are optically inactive. This is in a good agreement with the literature data [16, 17] . The synthesized Nd, Gd, Dy, Ho, Er, Tm, Yb, Lu metal-organic frameworks, however, displayed very weak or even undetectable fluorescence at excitation wavelengths of 250-400 nm. 
Scanning Electron Microscopy
The representative SEM micrographs of synthesized lanthanide MOFs are shown in Figure 6 . 
The representative SEM micrographs of synthesized lanthanide MOFs are shown in Figure 6 . The SEM results revealed that all compounds consist of two types of particles. In most of the cases the formed rectangular plate-like crystallites of 25-70 µm in size were covered with nanosized differently shaped particles. We can conclude that nature of lanthanide does not influence significantly the surface morphology of fabricated lanthanide MOFs.
Conclusions
The lanthanide metal-organic frameworks Ln(BTC)(DMF)2(H2O) (LnMOFs) (Ln = La, Ce, Pr, Nd, Sm, Eu, Tb, Dy, Ho, Er, Tm, Yb and Lu) were successfully synthesized using 1,3,5-benzenetricarboxylic acid (BTC) as a coordination ligand. These MOFs were obtained with very well-developed crystalline structure. All FTIR spectra of LnMOFs showed characteristic asymmetric and symmetric stretching vibration bands of the BTC ligand. The emission spectra of Pr, Sm, Eu, and Tb metal-organic frameworks were discussed in this study, however, the La, Ce, Nd, Gd, Dy, Ho, Er, Tm, Yb, and Lu metal-organic frameworks displayed very weak or even undetectable fluorescence at excitation wavelengths of 250-400 nm. The SEM micrographs of synthesized lanthanide MOFs showed the The SEM results revealed that all compounds consist of two types of particles. In most of the cases the formed rectangular plate-like crystallites of 25-70 µm in size were covered with nanosized differently shaped particles. We can conclude that nature of lanthanide does not influence significantly the surface morphology of fabricated lanthanide MOFs.
The lanthanide metal-organic frameworks Ln(BTC)(DMF) 2 (H 2 O) (LnMOFs) (Ln = La, Ce, Pr, Nd, Sm, Eu, Tb, Dy, Ho, Er, Tm, Yb and Lu) were successfully synthesized using 1,3,5-benzenetricarboxylic acid (BTC) as a coordination ligand. These MOFs were obtained with very well-developed crystalline structure. All FTIR spectra of LnMOFs showed characteristic asymmetric and symmetric stretching vibration bands of the BTC ligand. The emission spectra of Pr, Sm, Eu, and Tb metal-organic frameworks were discussed in this study, however, the La, Ce, Nd, Gd, Dy, Ho, Er, Tm, Yb, and Lu metal-organic frameworks displayed very weak or even undetectable fluorescence at excitation wavelengths of 250-400 nm. The SEM micrographs of synthesized lanthanide MOFs showed the formation rectangular plate-like crystallites of 25-70 µm in size covered with nanosized differently shaped particles.
